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# First Claim: We claim: 1 . A process for the manufacture of self-cleaning 
Show all claims glass, comrising: applying to glass a photocatalyst precursor 

composition to form a photocatalyst-containing film; and impeding 
migration of alkali metal ions or alkali metal oxide from the glass 
into the photocatalyst precursor or film. 2. A process for the 
manufacture of self-cleaning glass, comprising: applying to glass a 
barrier, said barrier preventing or slowing migration of alkali metal 
ions or alkali metal oxide from the glass; and forming on said barrier 
a photocatalystcontaining film. 3. A process for the manufacture of 
self-cleaning glass, comprising: applying to an etched, acid glass a 
photocatalyst precursor composition, to form a 
photocatalystcontaining film. 4. A process for the manufacture of 
self- cleaning glass, comprising: applying to glass a film formed of a 
precursor of Ti02 and a precursor of an oxide of a 3, 4, or 5-valent 
element, which oxide is solid at about 300'C; and forming on said 
film a photocatalyst-containing film. 5. A process for the 
manufacture of self- cleaning glass, comprising: applying to an acid 
glass a first film, the first film formed from a precursor of an oxide of 
a 3, 4, or 5-valent element, wherein the element is titanium, 
zirconium, tungsten, tin, silicon, or combination thereof; and forming 
on said first film a photocatalyst-containing second fi6. A process for 
the manufacture of self-cleaning glass, comprising: applying to acid 
glass a film comprising a reaction product of the acid glass and a 
precursor of a 3, 4, or 5- valent fonn of titanium, zirconium, 
tungsten, tin, silicon, or combination thereof; and forming on said 
barrier a photocatalyst- containing film. 

tDescription ± SELF-CLEANING GLASS AND METHOD OF MAKING 

Expand description THEREOF 

Field of Invention This invention relates to the photocatalytic 
oxidative stripping of organic contaminants from the surface of glass 
and the process of making such photocatalytic glass. 
+ Bacl<ground of the Invention 

It has been known for some time that photocatalysts, particularly 
titanium dioxide in the anatase phase, accelerate the air-oxidation 
of organic compounds upon exposure to light, usually ultraviolet, 
absorbed by the photocatalyst. See, for example, Photocatalytic 
Purification of Water and Air, D.F. OIlis and H. Al-Ekabi, eds., 
Proceedings of the First international Conference on Ti02 
Photocatalytic Purification and Treatment of Water and Air, London, 
Ontario, Canada, 1993, Elsevier, Amsterdam. The major sections of 
the book describe the theory and fundamentals of titanium dioxide 
(Ti02) photocataiysis, photocatalyzed water and air treatment, 
reactor design and photocatalytic oxidation process economics. In 
all of these applications the photocatalyst is bound to a ceramic 
substrate to which it adheres. For example, on page 123, R. W. 
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Mathews describes Ti02 coated glass mesh and Ti02 coated glass 
tube-based photoreactors. Another reactor with a Ti02 coated glass 
tube is described by T. Ibusuki et al. on page 376. The 
photocatalytic films described were all light scattering, as they were 
made of photocatalysts such as Degussa P25, e.g., with an 
abundance of titanium dioxide particles approximately 0. 1-0.3 
microns in diameter. This particle size, even in the thinnest films, 
produces a milky appearance. Such light scattering films are not 
efficient or useful in applications such as clear, self-cleaning glass 
surfaces for windows and mirrors. It is also known that clear and 
adherent, non-light scattering Ti02 films can be made. Such known 
films are -applied to optical lenses of optical instruments to provide 
scratch resistance and are also applied in anti- reflective optical 
coatings, usually by reactive evaporation or by reactive sputtering of 
titanium in an oxygen-containing atmosphere. Such coatings can 
also be made by applying a solution containing a precursor of a 
photocatalyst, e.g., Ti02, to a glass surface, forming a precursor fihn 
and heating to a high temperature where organic matter In the 
precursor film is oxidized and Ti02 is crystallized. However, on 
substrates consisting of glasses comprising more than about 10% 
by weight of combined alkali metal oxides, particularly sodium oxide 
(Na,20) and potassium oxide (K20), these films are poor 
photocatalysts, i.e., when exposed to sunlight in air they do not 
oxidize organic contaminants at a rate adequate to maintain a clean 
glass surface. For example, when coated with a film of stearic acid, 
they oxidize it under 2.4 mWcm -2 365 nm irradiance at a rate of 
4nm per hour or less, i.e., reduce the thickness of the stearic acid 
film by less than 4nm per hour. Under the same conditions, a good 
photocatalyst strips a film of stearic acid at a rate of about 20nm per 
hour or more, i.e., reduces the thickness of the stearic acid film by 
about 20 nm per hour (or more). 
± Summary of the Invention 

We have discovered a barrier to the migration of alkali metal 
oxides from a glass substrate into the photocatalytic coating that is 
thin, yet effective. This barrier layer slows or blocks the migration of 
alkali metal oxides into the photocatalyst layer during its formation 
from a precursor and also after its formation from the precursor. 
+ Brief Description of the Figures Figure I is a graph showing 
the UV absorption spectra of Ti02 films on fused silica. 

Figure 2 is FTIR spectra of stearic acid coated on clear Ti02 film 
on fused silica prior to (dotted line) and after (solid line) exposure to 
UVA light for 7.5 minutes. Figure 3 is a graph showing the UV 
absorption spectra of Ti02 filMS on etched (dashed line) and on 
non-etched soda lime glass (solid line). 
+ Detailed Description of the Preferred Embodiment The 
invention is directed toward self-cleaning glass and methods 
of making the same. Photocatalytic films can form the basis for 
self-cleaning or photooxidatively cleaning glass, useful, for 
example, as self-cleaning windows, mirrors, optical 
components, eyeglass lenses, and automotive windshields. 
When using photocatalyst films, e.g. Ti02, in these 
applications, the following should be optimized: the absence of 
scattering of visible light; abrasion resistance to an extent that 
the film is typically not damaged when cleaned or when 
impacted by dust particles; and an adequate photooxidation 
rate or efficiency in order to maintain a relatively clean glass 
surface. The coated self-cleaning glasses of the Invention 
provide an abrasion resistant, photoefficient, optically clear, 
self-cleaning glass. 

Deposition of organic contaminants on glass usually reduces 
visibility. 
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) \z.^^-mm.i-v')Ohm. -hm. 'm^^x^mtAmo^-m^t^^y^^owm 

g : 3ji(D-^<b^^x iiMM (O. 2M. 1 250 r pm. 1 

«5ii. ij^x±(D-mit9^yy^)\^h(D^mizm^±hU'yh(D)m(D 

mmm^Tjkto mmrs:-mit^^yy^}\yL.^7mitth^j'yh (im. 2o°c 

) mmt^t. 3 6 5 nm(D7^T1i»A^-tfPi::&U (^5. y\>y5^3) . 
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/UAfi. 3 6 5 nm(7)7^CD^.<i:rti. MSO^fyUiAcJ; U 1 Ofgtj»)bMg 

x^:^^y^Lrc^'^XO^-C7 (GE) (Oy^)\^hlts O. 2Ma)«:M-'; 

•^Zxji^s^jia^. 3 6 5 n mi:^(09mmt'^mmizn'p ltc mss / 3 ~ 

5)0 Lt''L>-\ Mmmi-bUOh^^ommt. 3 6 5 nm5A$^-50% 
M'^/ctt* -yrfco P - 2 5 -r Ji^uonmits 1 M(D5i^■:^ h U A 

^(DJi-at:: cfc U V 3 6 5 n mT: 2 5 Lfc 5 . ; 5^ 1 ) c 2 5 4 n m 

f h U Oh^m^LTcy^fUhlts 3 6 5 n m<D3^(DT7l*MSa)7'r iUixO) 

»CD»1 0~4 0%LA^^A^-pfc (as. /S;75^3-5) o IHIiMSLfc 
P - 2 S 7 < JlhOnmts U V A3tC7)T'eO)»ii7 ^ l\yh(D%m(Dmt' 2 0 
% (as. M~7^1) . Sfc2 S 4 nm(7)7t<7)TTli4 0% (as. y^y5^2) 

/ci6T-S6a (as. Jiy^A) o ;^^ilcd;-:3TN a2 0lc5^»T^5^'^:;^hU 
':7iAji6^3/i(DM»miiJb^bfi56^:^3^i-M<b5^^>7-<;UAiuaiA 



;Ui:vOW<7)1iA^6 0%-e^o/c (as. „ 

2|i]gcD;tJ^ia)»!]m«0^-r^fci6lc. X^-f K^2/^y5^f^)tLfco ^cDd 
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(GC^-TT^OT^yyU) . -^^k^^vM«M7^Mli:«a*n> S)S*^.iL 
fc<fct. 5%^MtptD1 SCDG E7'r;l/ACDfiA^2 0~4 0%tcig^^^6vo/co 

xj«fi)6::^n/c^6t#) s AQox-x(r>timm^t'^^(o%-^rm'm^tcib 
t\i.ni^ho. zKo^^H a^is 2 4 o°c<^:l^a^^al)UJtT^DN a+ra« 

ttT^B^^lBi^ti^ (M(DW(DV-^:5li^^:^^^Xt^:ol^T^*^ ^ti^'n2xi 
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3 5 U s 9 0 5Jr^(7)7;H)>X/\°'y ^-JL-y=J-yfm:M. 3 . 4 %>!^t 1 2 

7miEMU\^yiy>i-V^)'^h.tim^Ws.t1^\t (H2T in02n+1 ;b'^H2S in 

02n+i ^^)^mm.oti\t) m\Zs y-'^^dii3z>7.(D'y')'r-mmm^') 

^i-^')'^h,\zmLX±1^tsmm-n^'^':>T\>-^^o -y')'r-vm7.\zlB\.'^T\t 

{tctiLi3^7.±.(ozmt^^yy^)\^ut[m^rs.\.^) ^ tv^j'^ui.t'y^)^ 

*)^Mi^z.titmz',mr<^mx^^tco zcommmt. t i -oh^^s i - 

h u ^u^ty^t^o oxcDtsmxmxi^-izm^^^iiEns m-rty^t-ry 
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n«hPiiiTS§c<k;b'^^*^oyc:o z:(OT-^itGHy^)\^h^(o<^<mm-^nrc 
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